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TESTS  OF  HIGH  SPEED  IDEAL  ENGINE 
WITH  SUPERHEATED  STEAM 


1 INTRODUCTION: 

As  this  test  deals  with  the  subject  of  superheate  d 
steam  it  may  be  well  to  make  a few  remarks  as  to  its  early  uses 
and  present  applications* 

Superheated  steam  was  known  as  early  as  1828  when 
Gregor,  a Cornish  engineer,  built  flues  around  the  steam  pipes 
and  cylinder  of  his  pumping  engine  at  the  Bonner  Dows  Mine, 
thereby  raising  the  duty  of  the  engines  50  per  cent*  Although 
this  was  followed  by  methods,  adapted  chiefly  in  France,  for 
superheating  steam  in  a somewhat  similiar  manner,  it  was  not 
until  1855  that  the  present  system  was  developed  by  a German 
engineer,  Hirn,  and  its  practical  utilisation  accomplislied  by 
Wethered,  an  American  engineer*  Although  more  or  less  used  in 
Europe,  practically  nothing  had  been  done  in  tills  country  as 
late  as  1896. 

A great  many  things  have  been  done  since  that  time. 


nevertheless,  its  application  has  been  slow  and  tedious,  due,  not 
to  a lack  of  theoretical  knowledge,  butto,  mechanical  difficul- 
ties such  as,  the  burning  out  of  packing,  destruction  of  lubri- 
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cants,  excessive  expansion  of  valves  and  cylinders,  etc.  All 
these  difficulties  have  been,  however,  gradually  overcome  and 
today  tliere  are  few  steam  installations  in  imi cli  tlie  question 
of  using  superheating  apparatus  is  not  at  least  considered. 

IT  OBJECT  OF  TEST : 

The  object  of  this  test  was  to  determine  the 
water  rates  of  the  60  H.P.  High  Speed  Ideal  Engine,  in  he 
Mechanical  Engineering  Laboratory  of  the  University  of  Illinois, 
running  non- condensing,  with  superheated  steam,  at  the  following 
loads;  quarter,  half,  three-quarter,  full,  and  one  and  one- 
quart  er. 


Ill  DESCRIPTION  OF  APPARATUS: 

( 1)  Engine 

The  engine  is  a 10wxl0",  Horizontal,  High  Speed, 
Automatic  cutoff.  Slide  Valve  Engine,  manufactured  by  A.L.Ide  & 
Sons,  Springfield,  Illinois.  Photographs  of  the  engine  are 
shown  on  pages  3,  4,  and  8. 

( 2)  Auxi 1 i ary  Apparatus 

The  steam  was  superheated  in  a Foster,  independ- 
ently fired,  suprheater  manufactured  by  the  Power  Specialty  Co., 
New  fork.  This  superheater  has  a capacity  of  superheating  4500 


sxx 
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pounds  of  steam  per  hour  200  degrees  F 


Til e condenser  used  was  a Wheeler  Surface  Condenser, 
manufactured  by  the  Wheeler  Condenser  & Engineering  Co.,  New 
York.  There  are  225  square  feet  of  condensing  surface.  The 
cooling  water,  circulated  by  a steam  pump  on  the  condenser, 
was  drawn  from  the  Bone  ;Yard. 

(3)  Instruments  and  Their  Calibration 

Instruments  used  in  the  test  were;  pressure 
gages,  thermometers,  platform  scales,  indicators,  a calorimeter, 
and  a speed  counter. 

The  gages  were  tested  cold  by  means  of  a Crosby  Fluid 
Pressure  Scale.  By  using  cylinder  oil  in  a fire- coiled  syphon 
it  was  found  that  the  gages  remained  perfectly  cool  throughout 
the  tests,  thus  rendering  the  calibration  of  the  gages  while 
hot  unnecessary. 

The  high  temperature  thermometers  were  calibrated 
with  reference  to  a standard  in  the  Physics  Department. 

The  indicators  used  were  of  the  Crosby  make.  The 
springs  used  in  these  indicators  were  calibrated  by  means  of  a 
Fluid  Pressure  Scale. 

The  platform  scales  were  calibrated  by  the  use  of 
S t an  dar  d wei ght  s i n the  1 ab  o r at  or y . 
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IV  Preliminaries  to  Tests. 

The  valve  on  the  engine  was  set  by  the  indicator 

t 

method.  In  the  setting  of  the  valve,  the  engine  was  ran  on 
saturated  steam. 

Leakage  tests  were  run  on  the  condenser  after  several 
engine  tests  as  follows:-  The  engine  was  shut  down  and  the 
condenser  kept  in  operation,  the  water  condensed  being  weighed 
after  equal  intervals  of  time.  In  every  case  it  was  found  that 
after  operating  a short  time  no  water  was  pumped  from  the  con- 
densers, indicating  that  there  was  no  leakage* 


V Metho d of  Conducting  Test . 

Having  assumed  that  500  degrees  F.  is  the  high- 
est temperature  that  can  be  safely  used  with  the  type  of  valve 
on  this  engine,  and  that  the  higher  the  degree  of  superheat  the 
more  economical  the  steam  consumption,  it  was  decided  to  run  all 
the  tests  at  approximately  this  temperature  in  the  steam  chest. 
This,  with  the  prevailing  steam  pressures  gave  a superheat  of 
about  150  degrees. 

Considerable  time  was  given  to  bring  the  engine  to  a 
normal  condition  of  running,  so  that  all  the  engine  parts  were 
thoroughly  heated  and  a constant  degree  of  superheat  could  be 


maintained 
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The  power  was  absorbed  by  a Prony  brake,  t]ie  arrange- 
ment of  which,  is  shown  in  the  photograph  on  page  8.  The  load 
was  recorded  on  the  platform  scales  shown  in  the  photograph. 

Two  two-hour  tests  were  run  at  each  load  for  the  pur- 
pose of  comparison.  Readings  were  taken  at  ten  rdlnute  intervals 
as  follows:-  pressure  and  temperatures  at  the  superheater,  in 
the  steam  chest,  and  in  the  exhaust,  the  boiler  pressure,  or 
pressure  of  steam  entering  superheater,  also  being  recorded; 
indicator  cards  were  taken  at  both  head  and  crank  ends;  the 
quantity  of  steam  condensed  in  ten  minutes  recorded;  R.P.M.  of 
engine  and  weight  on  brake  scales.  The  weight  on  the  brake 
scales  was  kept  constant  for  each  test. 

VI  Discussion  of  Data. 

All  observed  and  calculated  data  are  shown  on  the 
data  sheets.  There  are  five  such  sheets  each  sheet  containing 
the  data  for  the  two  tests  at  the  same  load.  The  tests  were 
numbered  with  reference  to  the  load  rather  than  the  order  in 
which  they  were  run.  Thus,  tests  No.l  and  No. 2 axe  at  quarter 
load;  No. 3 and  No. 4 at  half  load,  etc. 

All  the  observed  data  not  correct,  on  account  of  in- 
strumental errors  determined  by  the  calibration  of  the  instru  - 
ments,  were  corrected  before  being  placed  on  the  data  sheets. 
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The  superheat,  as  is  shown  by  the  data,  was  not  kept 
exactly  constant  as  was  intended.  This  is  due  to  the  fact  that 
it  was  found  impossible  to  obtain  a constant  pressure  and,  al- 
though. the  temperature  could  be  kept  constant  in  the  steam,  cites t, 
the  degree  of  superheat  would  vary  with  the  pressure.  The  maxi- 
mum variation,  however,  was  only  about  20  degrees  F . 

It  may  be  noticed  that  the  steam  pressure  in  the 
steam  chest  is  sometimes  higher  than  the  boiler  pressure.  This 
would  be  caused  by  the  personal  error  of  the  recorder.  The  two 
readings  were  taken  by  different  recorders  and,  as  the  smallest 
subdivisions  on  the  gages  were  five  pounds,  there  was  a chance 
for  difference  in  reading. 

The  mechanical  effeciency  i»i  a few  instances  is  seen 
to  be  more  than  100  per  cent.  All  of  these  cases  occur,  as  will 
be  noted,  in  the  three- quarter  load  tfcsts.  As  these  tests  were 
run  in  succession  it  is  probable  that  the  brake  did  not  work 
properly,  i.e.,  it  tightened  up  on  the  wheel  and  then  loosening 
up  caused  a sudden  drop  in  the  load.  It  is  possible  that  some 
of  the  cards  were  taken  just  when  this  drop  oc cured,  making 
them  much  smaller  than  if  taken  at  the  proper  load.. 

As  the  load  on  the  brake  was  always  recorded  as  const anj; 
this  sudden  drop  would  not  be  considered  in  calculating  the  B.H. 

P.  This  being  the  case,  it  can  readily  be  seen  how  it  is  pos- 
sible to  have  the  B.H.P.  larger  than  a corresponding  I.I1.P.  and. 
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therefore,  an  efficiency  of  over  100  per  cent. 


VII  Calcul at ions. 

■ 

The  calculated  data  consists  of  (1)  B.H.P., 

(2)  I.H.P.,  (3)  Mechanical  Efficiency,  (4)  Thermal  Efficiency, 
(5)  Degree  of  Superheat  at  superheater,  (6)  Degree  of  Superheat 
at  steam,  chest,  (?)  Degree  of  Superheat  in  exhaust,  (8)  Water 

Rate  per  B.H.P.  hour  and  (9)  Water  Rate  per  I.H.P. hour. 

1 1 r - 

The  B.H.P.  was  calculated  from  the  equation 

2 mR.W.N 

B.H.P.  = 

33000 

Where  R = length  of  brake  arm  in  feet 

W=  net  weight  on  brake  scales 

■ 

N = R.P.M.  of  engine 


The  I.H.P.  was  obtained  for  each  end  of  cylinder  from 

the  equation  PLAN 

I.H.P.  — 

33000 

Where  P = mean  effective  pressure  per  square  inch  of 

piston  area  obtained  from  indicator  cards. 
Sample  graphs  of  cards  shown  on  pages  12  to  16 
L = Length  of  stroke  in  feet 
A = net  area  of  piston  in  square  inches 
N = R.P.M.  of  engine 
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Hie  mechanical  efficiency  was  obtained  from  the  equa- 


tion 


Eff.  = 


B.H.P. 


I.H.P. 


In  determining  the  thermal  efficiency  the  question 

arose  as  to  which  efficiency  to  use.  It  was  finally  decided  to 

use  the  following  ratio  »- 

Foot  pounds  work  per  H.P.  hour 
Thermal  Eff.  = -------- — - — — — — — 

Energy  in  steam  used  per  I.H.P.  hour 

or  placing  tliis  in  the  form  of  an  equation, 

1,980,000 

Thermal  Eff.  = ——————  — 

??8(H+0.48TS)¥ 

•where  ¥ = pounds  of  steam  per  I. H.P. hour 
H = total  heat  of  saturated  steam. 

Ts=  degrees  of  superheat 
0.48  = specific  heat  of  steam 
The  water  rate  per  H.P.  hour  was  obtained  by  dividing 
the  weight  of  steam,  condensed  in  ten  minutes  by  either  the 
B.H.P.  or  I.H.P.,  according  to  the  result  desired,  and  then 
multiplying  this  quotient  by  "6". 

The  degree  of  superheat  in  all  these  cases  was  obtain- 
ed by  subtracting  the  temperature  of  saturated  steam  at  the  pres 
sure  recorded  from  the  observed  temperature  of  the  steam. 
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Head  End 


Sample  Cards  at  Quarter  Load 


Crank  End 


Head  End 


Sample  Cards  at  Half  Load 


14 


I 


Crank  End 


Head  End 


Sample  Cards  at  Three- Quarter  Load 
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Crank  End 


Head  End 


Sample  Cards  at  Full  Load 
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Head  End 


Crank  End 


Sample  Cards  at  One  and  One- Quarter  Load 
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VIII  Curves  .and  Graphical  Logs. 

In  order  to  show  graphically  the  relation  between 
the  various  readings  taken,  a graphical  log  was  plotted  for  one 
test  at  each  load.  These  logs  were  constructed  by  taking  time 
as  abscissae  and  plotting  as  ordinates*  (1)  Boiler  pressure* 

(2)  Pressure  in  steam  chest*  (3)  Pressure  in  exhaust*  (4)  Super- 
heat in  steam  chest*  (5)  Superheat  in  exhaust,  (6)  B.P.M.* 

(?)  I.H.P.,  (8)  B.H.P.*  (9)  Mechanical  Efficiency*  (10)  Thermal 
Efficiency,  (11)  Pounds  of  steam  per  B.H.P.hour*  and  (12)  Pounds 
of  steam  per  I.H.P.  hour.  These  logs  are  shown  on  pages  2?  to  31 
inclusive. 

Using  the  different  loads  as  abscissae*  curves  were 
plotted  showing  the  relation  between  the  steam  consumption  per 
I.H.P.  hour  and  B.H.P.  hour*  and  the  I.H.P.  and  B.H.P.  developed. 
It  may  be  noted  thatthe  points  for  the  one  and  a quarter  load 
do  not  lie  on  a smooth  curve  drawn  through  the  other  points. 

This  is  doubtless  due  to  the  fact  that  it  was  attempted  to  de- 
velope  more  power  than  the  engine  was  capable  of  producing. 
Frequently  the  engine  would  slow  down*  and  each  time  part  of  the 
load  had  to  be  taken  off  to  allow  the  engine  to  return  to  its 
normal  speed.  This  changing  of  the  load  makes  the  results  for 
| these  tests  somewhat  doubtful.  Abetter  knowledge  of  the  re r lit 
can  probably  be  obtained  by  referring  to  the  curves  on  page?  34. 
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A curve  was  plotted  mth  loads  as  abscissae  and  pounds 
of  steam  flowing  per  liour  as  ordinates,  prom  tliis  curve  can  be 
obtained  approximately  tlie  pounds  of  steam  flowing  per  hour  for 
any  load  and  from  this  the  probable  water  rate  may  be  calculated. 
Tliis  curve  is  sliown  on  page  33. 

With,  loads  as  abscissae  curves  were  plotted  showing 
the  relation  between  the  loads  and  efficiencies  both  mechanical 
and  thermal.  These  curves  are  shown  on  page  32. 

IX  Notes  on  Test. 

Anticipating  trouble  in  keeping  the  pressure 
gages  cool,  it  was  decided,  as  an  experiment,  to  use  a five-coil 
syphon  filled  with  cylinder  oil.  This  gave  perfect  satisf action^ 
for  at  all  times  throughout  the  tests,  the  gages  remained  cool. 

For  lubrication  of  valve  and  piston  a good  grade  of 
cylinder  oil  was  used  and  gave  excellent  results,  for,  upon 
examination  after  the  series  of  tests  had  been  run,  the  valve 
was  found  to  be  bright  and  smooth  and  showed  not  the  slightest 
trace  of  cutting. 

Little  trouble  was  encountered  from  the  burning  out 
of  the  packing  while  the  tests  were  being  run,  or  when  tests 
were  run  on  successive  days.  When  two  or  three  days  had  elapsed 
between  tests,  however,  it  was  found  necessary  to  renew  the 
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packing  in  the  stuffing  boxes.  Judging  from  the  results  obtained 
it  is  probable  that  an  engine  could  not  be  run  more  than  thirty- 
six  hours  at  this  high  temperature  unless  some  special  kind  of 
packing  were  used. 

The  pipe  line  from  the  superheater  to  the  engine,  a 
plan  of  which  is  shown  on  page  20 » was  a 4"  pipe  covered  with 
magnesia  insulation.  The  total  length  of  this  pipe  from  the 
superheater  to  the  engine  is  about  130  feet.  The  loss  in  super- 
heat, due  to  radiation,  amounted  to  approximately  100  degrees. 

The  exhaust  from  tlie  engine  was  carried  to  the  conden- 
ser, a distance  of  about  ninety  feet,  through  a 3"  pipe  line. 

The  size  of  the  exhaust  line  was  probably  too  small  for  at  the 
large  loads,  the  back  pressure  was,  in  some  cases,  as  high  as 
ten  pounds.  The  plan  of  the  exhaust  piping  is  show,  on  page  20>. 

X Conclusions. 

There  should  be  no  difficulty  in  running  an  or- 
dinary high  speed  slide  valve  engine  with  150  degrees  superheat 
at  a steam,  pressure  of  145  pounds  gage. 

Ordinary  high  grade  cylinder  oil  can  be  used  satis- 
factorily with  superheat. 

Where  it  is  necessary  to  pipe  the  superheated  steam 
any  distance,  the  loss,  due  to  radiation,  is  considerable. 


20. 


Plan  of  Piping. 
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For  high  degrees  of  superheat  rubber  packing  cannot 
be  used  with  any  degree  of  satisfaction.  If  allowed  to  stand 
a few  days  after  being  subjected  to  tliis  high  temperature,  it 
becomes  dry  and  falls  to  pieces. 
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Determination  of  Water  Rates  of  60  H P I deal  Engine, 
NON-C'ONDEN5lNq-,USlNq-  SuPERH  FATED  STEAM  . 
CONDUCTED  BY,—  PRESENTED  FOR  — 


n . H Fricke 
R H.Sloane 


UNDERGRADUATE  THESIS 


Conditions, — 

Load  - -i_ 
Pressure,— 
Degree  Supe 


22 

II  3.5 

:rheaT>  /€ 4.5 


Pr  e 5 su  res 

Temperatures 

Decrees  Superheat 

Steam 

Como 

Lbs. 

R ,P.  M 

ME 

P. 

1 . H . R. 

Wt  on 
Sc-Al  ES 
Les. 

B.H.P 

Mech. 

Eeeic. 

°1o 

Therm. 

Eeeic. 

<tJo 

Lbs  S 

TEAM 

* No 

Time 

Boiler 

Super- 

heater 

Steam 

Chest 

Exhaust 

[SURER 

HEXTEH 

Steam 

Chest 

Exhaus  t 

Sup>rR- 
H EATfcP 

Steam 
Ch  EbT 

Exhaust 

H.E. 

C.E. 

H.E. 

C.E 

Total 

1 H.P  Hr? 

b.h.rh* 

Remarks^ — 

h 

9:20 

I24 

1 2 1 

127 

3 

G 35 

515- 

2 31 

2 8 4 

IG  1 

9 

O 

305 

16 

2 3 

<7  .6  5 

13.6  8, 

2 3.3  3 

50 

1 5.2  5 

65  4 

O 

0 

O 

:"3  0 

1 Z 5 

122 

1 2 O 

3 

623 

52  3 

23  1 

272 

1 7 8 

0 

[3  0 

3/2 

n 

20 

/O-  50 

12. IS 

2 2.6  8 

H 

IS. 60 

69-  0 

' 3.9  8 

0 0 5 

7 3.0 

* 

i 3 

:40 

1 1 6 

1 1 4 

in 

2.5 

618 

5-21 

229 

2 63 

1 7 3. 

0 

1 3 1 

3 10 

1 5 

20 

q.z  1 

12.10 

21.3  1 

U 

15.50 

72  © 

3 .7 

53.8 

74  O 

1 4 

•'50 

1 1 O 

1 09 

/ 1 8 

2 

607 

51  7 

2 29 

2<S4 

1 59 

/o 

/ 86 

30  3 

19 

1 9 

1 1 .40 

11.25 

2 2.6  5 

II 

15.1  5 

70  0 

41 

49.5 

/o.s 

rs 

lo.oo 

1 1 O 

1 09 

I/O 

2. 

6 I 3 

51  1 

229 

2 70 

167 

10 

/ 94- 

9 0 5 

19 

2 1 

IIS'S 

/2  50 

2 3.95 

If 

15.15" 

63.3 

4.3  5 

-7  O’.  1 

15  0 

:fo 

1 04- 

1 01 

I0S 

2- 

6 o7 

509 

2 2 8 

2<sg 

ise 

3 

182 

3 0 0 

IS 

2 1 

10. 6 9 

12.3  1 

2 3.0  0 

II 

1 5.00 

652 

4.32 

1C  7 

70.9 

1 7 

.2  0 

10  7 

10  6 

1 00 

2 5 

5-4  4 

50  9 

2 2 9 

2 57 

/ 7 1 

9 

1 74 

30  3 

19 

19 

II  SO 

11.25 

2 3.6  5 

II 

1 5,1  S' 

64.0 

4.3  7 

4-7.1 

63o 

8 

■'30 

124 

122 

1 2 3 

35" 

597 

515" 

_ *31 

2 36 

163 

7 

190 

3 01 

16 

22 

9.7  3 

/3.J  8 

2 2.9/ 

II 

15.35 

67.0 

4,0  3 

43.8 

7-4-5 

f 

9 

4 0 

124 

122 

/ 1 8 

3 

607 

5o7 

231 

2 5 1 

159 

9 

189 

303 

18 

20 

10.80 

II.  74 

2 2.54 

II 

15. IS 

67 3 

4.03 

/So 

1° 

:50 

1 1 0 

/ 09 

1 08 

2. 

6o5" 

50  2 

229 

2 6 2 

159 

IO 

1 86 

3 0 1 

17 

19 

fo.i  3 

II. 1 7 

21.30 

II 

15.05 

70  5 

3.85 

5 2.5 

74.5 

II 

II  :oo 

/o  4 

102 

102 

2. 

6o5 

50  5 

228 

2 £5 

I 66 

9 

1 80 

3 02 

IS 

17 

3.96 

IO.03 

18.99 

II 

15.  IO 

79.5 

3.55 

57.0 

7/.  7 

(2 

.7  0 

1 07 

IOC 

106 

2_ 

GOl 

50  7 

228 

2 6 6 

1 6 5 

9 

173 

3 03 

16 

17 

9.60 

lO.OG 

19.66 

II 

15.  IS 

77/ 

3.9  2 

52.0 

605 

13 

'■20 

1 1 s 

116 

1 2 | 

=F- 

60  3 

5o  7 

230 

2 55 

1 56 

5" 

1 70 

3 04 

17 

2/ 

/ 0.2  3 

/2. 47 

22.7  0 

II 

15.20 

67  0 

-4.2  l5 

47.5 

70  8 

| Iota  i_  , 

1483 

1458 

/47  5- 

T.35- 

79  1 3 

GG48 

2903 

342  0 

2/36 

114- 

2203 

3 3 58 

222 

2 59 

/ 33.79 

153.  9 

28  7.67 

050 

/ 9 7.65 

838.1 

483  5 

6 1 0.3 

06  5.2 

\ Ave-rage, 

11  + 

112 

113.5 

2., <5 

60s 

51 1.7 

2 29.5 

2G3 

/64.5 

8.77 

1 84 

3 04.2 

11 

19.9 

102 

11.8 

2233  1 

50 

15.2 

59.1 

4.06 

50.  S 

72. 

Test  No.  — 2. 


□ate,—  A pri l 26,07  Pressure,—  no.2. 

Duration,—  2 Hrs  Degree5 uperh fc at;-  13 4.  T_ 


• 

1 0'o  5 

135 

' T 

t 36 

130 

-4- 

6 IO 

-492 

232 

2 5 1 

/ 36 

7 

O 

310 

/5.4 

18. 

9.4  5" 

10. 90 

20.34 

50 

1 5,50 

76.2 

O 

0 

O 

2 

:/5 

120 

1 1 9 

127 

3 

601 

492- 

227 

2 S’© 

1 3 9 

5 

1 87 

3ol 

18. 

20.5 

/0.94 

12,28 

23.22 

l» 

15,35 

66-/ 

4.1  2- 

19.0 

11.5 

3 

.‘2  5 

120 

121 

l 29 

2.5 

599 

490 

222. 

248 

/ 3 5 

1 

1 8 2 

307 

1 5.8 

19.7 

960 

11.70 

21.30 

fl 

15,35 

12  0 

3.98 

51-  5 

112 

1 + 

:35 

l 3 1 

131 

132 

2.5 

6 1 5 

487 

221 

259 

1 3 I 

O 

1 9 1 

3 07 

16. 

1 9.1 

96  G 

11.12 

21.3  8 

tf 

15.2  5 

11.5 

3.80 

900 

750 

5 

.'45 

1 32 

133 

1 30 

2.5 

6 0 9 

-489 

223 

7 S 7 

1 3 3 

2 

1 93 

304 

16 .4 

19.4 

9.87 

11.52 

2/39 

If 

15.20 

7/.0 

3.16 

547 

762  1 

6 

:55 

1 34 

1 33 

132 

2 

6 1 9 

491 

222 

26  2 

/ 34 

3 

las 

3o  5 

I6.4U 

1 9.7 

9.9  Oj 

II.  72. 

2/.G2 

If 

15.2  5 

70-5 

3,3  8 

£1.2 

72S 

7 

IKO  5 

125 

I2S 

I2Q 

2. 

630 

491 

2 2 2 

2 7 7 

1 3T 

3 

1 88 

304 

/6  4 

19.4 

l 9-8  7 

11.5  2 

2/39 

,1 

15.20 

HI 

3.8  2 

52  £> 

l2.& 

9 

! 1 5 

121 

1 30 

1 32 

2. 

605 

494 

222 

249 

/ 37 

3 

175 

304 

,5.8 

1 9.6 

9.5/ 

11.61- 

2 U 5 

If 

1520 

120 

4.0  7 

19  t> 

O9.o 



9 

J2  5 

1 33 

1 32 

1 3 6 

2. 

614 

490 

22  2 

257 

1 3 1 

3 

/ 93 

304 

/ 4.Z 

17,9 

8.54 

10.51 

19.11 

f! 

15.20 

73  5 

3.36 

bo.  5 

751 



[ 10 

!35 

1 32 

133 

128 

2.5 

615 

4-90 

2 22 

2 5S 

1 36 

3 

192 

306 

/ 5 .4 

19. 

9.33 

11.3  4 

2 0.6  7 

ff 

15.30 

11  0 

3.6-f 

55  / 

15.2 

— 

h> 

145 

1 2 5 

146 

127 

2 

024 

4 84 

2 22 

2 7 / 

1 35 

1 

1 8 2 

304 

162 

1 84 

9.55 

10,3  3 

2048 

ff 

1 5.20 

74.  A 

3.60 

33-3 

II.Q 

- 

pi 

: 55 

133 

<3  4 

1 30 

2.5 

62.1 

490 

Z 22 

2.63 

/ 36 

3 

190 

3oo 

15.2 

1 8. 

9.0  3 

10.55 

19.59 

ff 

15,00 

7 t?.  0 

3.4  7 

56  2 

760 



13 

12105 

1 3 O 

1 3 1 

1 3 3 

2. 

6 / 5“ 

489 

22  3 

2 5 9 

1 32 

1 

1 86 

30  3 

15.6 

19. 

9.3  4 

11,2  5 

20.59 

" 

15.15 

736 

3.7-fc 



57.9 

755 

. . » — 

1 Total 

/€  77 

1684 

/ 6 94 

3 1.5 

79  8 3 

6374 

25  02 

3 367- 

115  2 

35 

2244 

3363 

2 0 6.8 

258.2 

/ 24.59 

/ 4 7,6  2 

272.2£ 

650 

198.15 

9 48.3  45.  5*4 

643.9 

8 83.8 

. . 

L Average 

/ 2 9 

1 29.5 

(30.2 

2.4 

614- 

4-9  0 

223 

259 

2.7 

I87 

3 05 

15.8 

/ 9.1 

9.50 

11.35 

2 0.9 

*£5 

,5.2.5 

72  .9 

3.79 

5 3.6 

73.6 

■* 

Conditions,—  3 

Load  - ik' 

Pressure,—  no 

Thesis  Deqree  Superheat- jgs, 7 

1)7' 

1 — 
.Nc 

Wl  ON 
Scales 
Lbs. 

R.H.P. 

Mech. 

Erne. 

Therm. 

Epfic. 

Les.  Steam 

Remark  — 

1 H.p  Hr 

B.hjRH* 

1 

7 do 

30  1 

72.5 

O 

o 

. 

— 

' 2j 

h 

30.2. 

SI  • 

5.2  / 

3 8.6 

47.7 

3 

_4 

5 

n 

30 .2. 

84  <S 

4.9  1 

4 0.7 

47.  1 

h 

30.2. 

983 

4.2  i 

4 7.5 

_ 47  .7 

n 

30.3 

90.8 

4.7  5 

42.5 

45.e> 

6 

if 

30.2 

S4.*5~ 

4.9  8 

40.3 

47  *s 

7 

• 

n 

30. 

8 9.T 

4.9  1 

4o.S 

45G. 

8 

H 

30. 

84. 

5.0  2 

39.9 

47  5 

' — — 
9 

s 

ti 

2 9,9 

8^.5 

5.30 

38. 

42  5 

10 

7 

it 

30. 

S3- 5 

5.6/ 

35  7 

42  8 

H 

3 

V 

30. 

78-6 

5.621 

35.8 

45 

12 

5 

*f 

?OI 

7 6-1 

5.7  7 

34.5 

43  5 

13 

1 

if 

30.  1 

S>  3.0 

5.3  9 

3 7.1 

446 

To 

s 

/ 3oo 

3VI.S' 

Ho(Q 

67.7 

f 7.  t 

574.4 

Av 

too 

3or 

84.-T 

5.15 

3?.3 

45.6 

Load—  it 
Pressure,—  /2-8 
QegreeSuperhlat—  I5(.5~ 

1 

$o  o 

30.5 

8 1 

0 

O 

O 

2 

> 

Jt- 

30.0 

80.2 

5 so 

34i6 

43.1 

3 

0 

n 

3o.o 

80.2 

5.50 

36,3 

45,3 

4 

3 

it 

3 <3.0 

€72. 

5.1  9 

3 s.e 

47.5 

5 

r 

ii 

30.2. 

82.2 

5.0  9 

3 9.4 

48. 

6 

#1 

3 O.  0 

89,5* 

5.5  3 

36,4 

54, 

7 

u 

3 0,3 

84. 

5".4  1 

3 7.4 

44.5 

9 

=> 

V 

30.3 

85T 

5.0  3 

39.3 

-f6,G 

9 

B 

n • 

30.2. 

94  2- 

5,0  *7 

3 9.8 

42.3 

10 

7j 

V 

3o.l 

82  5* 

5.0  3 

404 

4 8.6 

II 

it 

2 9 .8 

8/  8 

4,8  9 

4<-2 

5*0.4 

12 

ii 

2 g,  a 

94  S' 

IS  9 

434 

46. 

i 13 

2 9,8 

82  5 

5°  l 

40-3 

4 8,8 

To 

3 

/ 3oo 

39/ 

/O  94.1 

62./  9 

4 6 76 

5551 

A\y 

3 loo 

0*0./ 

84.1 

5\i  a 

3S> 

46  2. 

3 


ST  No.  3 
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Conditions,— 

Load,-  -g- 
Pressure,-  mo 
Decree  S upe rh eatL  igo.7 


Time 

Pressures 

Temperatures 

Decrees  Supltr  ieat 

5t  eta  m 
CONO. 
Lbs. 

R.P.M. 

M . E . P. 

1 . H . R. 

Wt  on 
Scales 
Lbs. 

R.H.R 

Mech. 

Erne. 

Therm. 

Erne. 

Lbs  Steam 

R E MAFRKSj — 

Boiler 

Super- 

heater 

Steam 

Chest 

ExhaUSI 

Super 

heater 

Steam 
Ch  est 

Exhaust 

Supfp 
H EAT£R 

Steam 
Ch  est 

E*  HAusr 

H.E. 

C.E. 

H.E. 

C E 

Total 

1 H P Hr 

P.l-j  F:  Hr 

1 

113  0 

I/O 

NO 

IOI 

4 

eo? 

51  7 

2 32 

2 <s  1 

/ 74 

1 

0 

3o/ 

36 

34.3 

2 1.44 

2o.il 

h4/.55 

IO  O 

301 

^2.5 

O 

0 

-O 

2 

•’  4 0 

US 

111 

11  1 

5 

531 

513 

2 34 

249 

17  1 

1 

240 

3 0 2 

32. 

SI. 

/ 8,9  8 

18.  Z9 

37.2  7 

n 

30.2 

81 

5.2  1 

3 8.6 

47.7 

■50 

IZ6 

1 2 5 

1 20 

5 

533 

5 21 

r234 

246 

1 e 1 

1 

242 

302 

28 

32.5 

/6.7  3 

IS. 

35.7  3 

„ 

30.2 

<s 

4 9 1 

4 0.7 

47  1 

i 4 

12:00 

125 

1 2 3 

1 Z 2 

4 

5 13 

5 1 9 

2 33 

227 

168 

9 

2 40 

30  2 

25 

26  2 

/4-9  8 

IS.  4 6 

50.3  9 

If 

30.2 

9 9 S' 

4.2  5 

4 7.5 

47  .7 

1 5 

:|0 

1 20 

126 

/ 2 3 

3.5 

6 05 

El  5 

2.  34 

25  2 

1 6 3 

II 

240 

303 

2 8 

28. 

je.ao 

1658 

33.3  8 

,, 

30.3 

90.8 

4.7  5 

42.5 

45© 

:2o 

/ 30 

1 27 

1 / 6 

3 

60  9 

S20 

2 3 1 

2 55 

172 

9 

Z44 

3o  2 

2 8 

32.2- 

teyo 

13. 

35  .7  0 

30.  Z 

84.5' 

4.9  8 

40.3 

47  s 

■3  0 

112- 

1 1 O 

1 / 0 

3 

531 

5 2 1 

2 3 1 

2 53 

17  7 

9 

2 2 3 

3oo 

30 

27. 

17.8  z 

1 5.7 

37.52. 

.1 

30. 

89,5 

4.9  I 

40.8 

45& 

3 

:48 

1 08 

loe 

1 1 O 

3 

603 

5 13 

2 3 1 

2G  1 

1 17 

9 

238 

300 

2e 

3 1. 

/£.£  3 

1 8 1 & 

,3  5.7  9 

.. 

JO. 

94. 

5.0  2 

39.9 

47  5 

1 9 

:50 

10  5 

1 0 3 

10  3 

3 

Go-S 

51  5 

2 2 9 

2 4 5 

/ 65 

7 

2 t 2 

2 99 

3o 

27. 

11.76 

15.11 

33.53 

0 

29.9 

5.30 

38 

42  5 

i 10 

1 00 

1 0< 5 

1 0 ST 

/ 0 5 

3 

515 

515 

2 3 1 

234 

17  3 

9 

2 14 

3oo 

So 

31 

/ 7.B2. 

I8.IG 

3597 

„ 

30. 

83.5 

5.61 

35  7 

42  8 

r " 

10 

93 

9 3 

90 

4 

£ 1 l 

SOO 

2 3 1 

213 

1 69 

6 

225 

3 0 0 

30 

3 3.8 

11.32 

19.81 

37.  G 3 

30. 

79.8 

5.62. 

35.8 

4-5 

2 0 

10  5 

I03 

1 0 0 

4.5 

Go's- 

50  6 

2 32 

2 5 5 

168  1 

4 

2 /9 

3 0 1 

SI 

3 4.2 

IB  4-7 

2 0.11 

J8.58 

JO  1 

757 

5.7  7 

347> 

43  5 

J B 

■ 30 

1 08 

/ 0 8 

1 os 

4 

G 1 1 

515 

2 3 2 

268 

1 7 2 

1 

224 

30  1 

28 

33-Z- 

/66  9 

id. 5 2. 

3G.2  1 

30-  1 

J 3.0 

5.3  9 

3 7-1 

44G 

| Iota  i_  , 

1 +80 

/456 

/43  1 

49 

7 SO  1 

GG  99 

3 D 1 'S' 

3264 

2 20S 

1 00 

2 766 

39/5 

38  4- 

40  3 

22  8.6 

2 35.6  7 

4 C 5.25 

/ 30  0 

3 91.5 

II  o(B 

67.7 

f 7.  / 

5714 

! Averaqf, 

W3.8 

112 

1 1 O 

3.11 

600 

51  5 

2 32 

2 52 

163.1 

1.6 

2 JO 

JO  1 

29.5 

31 

/ 7.  58 

IB.lZ- 

35.8 

loo 

sot 

84.5- 

5/5 

5 9.3 

4S.G 

Tfst  No.  — +■  Load,—  ~k 

□ate,—  April  26,07  Pressure—  <z  8 

Duration, — 2 H r s . Decree5upU''m > -vr  I5i.5~ 


4:40 

139 

1 40 

140 

4- 

G 1 5 

515 

227 

2 54 

15  4 

2 

O 

S 0 5 

29.8 

5 3 

18. 

19.64 

31.6+ 

(0  0 

so. 5 

8 1 

0 

O 

O 

2 

• 50 

1 22 

/ 2 2 

12  3 

2 

G 25 

51  2 

222 

z 74 

IGO 

3 

2 IG 

3 00 

3/  .4 

J 2 

18.65 

/ 9/7  5 

37.40 

So.  0 

80. Z 

5 80 

34.  G 

+ 3.1 

3 

5;oo 

1 ( 5 

1 2 3 

/ 2 5 

3.5 

61  7 

521 

22G 

215 

118 

3 

2 26 

3 0 0 

1 3!  -2 

32. 2 

18  5 3 

/ 8.87 

37.40 

II 

3o.o 

90.2 

5.50 

36,3 

45.3 

+ 

__ : 1 0 

\21 

116 

115 

3 

G 1 5 

5IG 

225 

26  7 

159 

3 

231 

3 00 

3o.s 

SI. 5 

/ 8.1  7 

IB.+G 

JG^  2 

- 

3 <3.o 

82. 

5.1  9 

3 

47.5 

5 

.20 

1 26 

1 2 7 

1 32 

4 

G O 5 

506 

227 

25/ 

1 52 

2. 

2 5 1 

3 02 

3 0.2 

31.1 

/ 8.0  5 

18.70 

36.7  5 

Il 

SO. 2 

82.2. 

5.0  9 

3 9.4 

48. 

6_| 

:3o 

1 24 

126 

121 

3 

GO  1 

499 

2 2G 

24  8 

155 

4 

2 1 7 

3 00 

2 9.63 

322 

11 
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Les. 

R.H.P 

Mech. 

Erne. 

Therm. 

Erne, 

1 H P Hr 

EVhj.F:Hn 

Remark  — 

' 1 

12351 

(4-3 

1 44 

1 4 5 

8 

675 

53  2. 

2 37 

2 52 

/69 

2 

o 

303 

60 

6 15 

36.24 

3653 

72.83 

200 

61 

85.8 

O 

O 

O 

i 2. 

:45l 

140 

141 

1 4 3 

8 

e i s 

52  5 

2 38 

2.54 

/64 

3 

365 

303 

57 

54  3 

34  20 

3Z.I  5 

GS.3  5 

„ 

60.6 

5/5 

6.0  8 

33  0 

37.1 

3 

: 55 

/45 

146 

/ 45 

6 

e/5 

52  4 

2 38 

25-/ 

/ 61 

7 

355 

300 

5 7.4- 

56.5 

35.10 

331  / 

G7.2I 

11 

60. 

835 

6.3  / 

317 

34  0 

4 

/■'  05 

14-4 

145 

147 

1 

6/5 

52  6 

2.38 

2 82 

1 o l 

5 

3 56 

303 

52.6 

56 

3156 

33./  5 

64.7  / 

IT 

GO  6 

93-e 

G.O  8 

33o 

35-2 

| 5 

.75 

1 3 7 

1 38 

/ 40 

7 

6 13 

529 

2 35- 

253 

1 69 

5 

344 

3 03 

55.8 

55  2 

3 3.48 

32.68 

66.16 

/r 

6 0 6 

3/6 

5.8  9 

34  O 

36. 1 

1 6 

;25 

1 4-3 

14  3 

/ 43 

S 

615 

529 

239 

253 

167 

1 

360 

30  3 

59.8 

5‘S  2 

35.88 

35.4  5 

70.3  3 

If 

60S 

©6.5 

6.5  1 

50.1 

35.6 

7 

— 

.35 

14-3 

143 

/ 43 

8 

G 13 

53  5 

2 3 8 

2 57 

(73 

3 

35  5 

304 

57.  e 

55  7 

3 4.6  8 

33.09 

67.77 

If 

60.8 

©3.8 

6.  3 3 

314 

33-8 

8 

133 

138 

1 4 O 

6 

6 / 5 

532 

2 37 

2 54 

111 

4- 

35  3 

30  3 

562 

54  3 

33.72 

32,/  5 

6531 

II 

60.6 

92/ 

0.2  O 

32* 

34  9 

9 

:55 

1 42 

145 

/ 44 

6 

6 13 

53  3 

2 3 8 

2 52 

| 69 

7 

34  L 

305 

59. 

57 

35.6  4 

33,9  2. 

69.56 

ff 

6 1 

©75 

6.1  6 

29-5 

33.7 

10 

2:o  5 

145 

143 

1 4-2. 

6 

607 

5/  9 

2 3 7 

245 

157 

6 

340 

306 

56. 

575 

33.94 

34.32 

6 8 26 

ft 

6 1 .2 

836 

6.1  2 

29.9 

33-4 

li 

■ 15 

/ 4-4- 

/ 43 

1 44 

7 

G/  5 

52  7 

23  9 

253 

1 63 

5 

3 60 

30  5 

56.4- 

56. 

34.0  7 

33.32 

67  39 

ff 

61. 

90-6 

6.2  2 

32.1 

35.3 

1 12 

\Z5 

/ 4-2. 

142 

143 

6 

6/3 

532 

2 3 7 

25/ 

1 69 

6 

3 54 

306 

55.6 

56 

33.69 

. 3 3.43 

67  1 2 

»J 

6/. 2 

3/.  1 

6.3  2- 

316 

347 

A 

13 

:35 

1 4-0 

140 

1 39 

6 

6 /5 

52  9 

237 

2 54 

/ 69 

€ 

3 54 

305 

57-2 

56.7 

34.55 

3 3.6  2 

GS  f 7 

ff 

6 /. 

89.3 

6.4- 

3/2 

34.3 

* 

; Iota  i_  , 

1 847 

1 851 

1 857 

90 

739  1 

68S  2 

3©<50 

328  7 

2/G2. 

GO 

42  38 

3957 

740.4 

734.7 

44  573 

4 369  8 

8 8/73 

260  0 

790  2 

1 166.5 

758/ 

390.3 

41-8.7 

Average, 

142. 

1 4 2.4 

152.8 

e.9 

6 1 5 

52  8 

, 2 3 S 

2 53 

(66.5 

4.© 

35-3 

3Qf 

5 0.9 

56.5 

3 4.3 

3 3,5 

6 7.8 

2 00 

6 0.8 

3 3.1 

C.3  2 

31.1 

34.S 

Test  No.  — 8 
□ate,—  A pR  I L 2.6 
2 H ps 


07 


Load,-  Pull 
Pressure,—  hi.  3 


2:35 

1 40 

140 

1 36 

6 

61  5 

529 

2 37 

2 55 

/ 6 9 

6 

O 

3 05 

5 7.2- 

56.5 

35.55 

3 3.6  2- 

6 8./  7 

2oo 

S'  /.o 

693“ 

0 

0 

O 

..  ”...  .J 

2 

.'4  5 

(45 

1 47 

153 

7 

6/  5 

523 

2 37 

251 

/ 6/ 

4- 

346 

~4 

3 06 

S~  5.  G 

56. 

3 3.0  9 

33  4 3 

66.52 

V 

6 1.2. 

9/8 

6.4/ 

31.2 

35-5 

-3-  :5~s 

135 

/3  4 

1 3 3 

6 

Gil 

525 

2 3 7 

Z59 

1 76 

6 

350 

3 00 

5 4.6 

5 2. 

32  5 3 

30  47 

62.90 

ff 

60.0 

95.5 

5.9  7 

3 3.4 

©55 

3:o  5 

1 3 1 

131 

1 38 

6 

Gl  5 

535 

H 34 

2 59 

/ 75 

S’ 

347 

3 05 

58. 

56,5 

3 5 92 

3 356 

©9.48 

ff 

60.8 

67.6 

6.6  / 

302 

35.4 

5 

: / 5 

142 

153 

155 

8 

629 

531 

2 3 8 

207 

/ 6 8 

3 

353 

3 0 5 

54.8 

56. 

33,  0 / 

33  2 6 

66.21 

ff 

6 0.8 

9/  9 

6.2  6 

319 

351 

_6 

:2  5 

14-0 

150 

1 43 

7 

G 21 

531 

2 3 6 

260 

/ 69 

2 

356 

306 

5 7.4 

5 7,3 

35.18 

35-21 

69.07 

If 

6 1 .2 

8Q.5- 

6.4  6 

30.9 

34.9 

7 

:3  5 

1 35- 

1 36 

138 

6 

607 

5 30 

2 37 

2 48 

1 70 

6 

355 

30  1 

57.4 

5 7. 

33.90 

34.24 

68./  4 

ft 

61.4 

30. 0 

6.4/ 

3/2 

34  7 

8 

:4  5 

/ 35 

135 

1 38 

6 

622 

527 

2 3 7 

2 64 

167 

G 

365 

3 1 O 

57.6 

57,3 

3 5.37 

34.61 

S 9.98 

ft 

62.0 

88  8 

6.3  8 

313 

352 

9 

: 55 

/ 40 

14/ 

153 

7 

60  9 

527 

2 40 

20S 

lt>5 

7 

3 5© 

3/0 

6 2.6 

64,5 

38.47 

38.02 

76.461 

ft 

6 2,0 

81  .4 

7./  2 

281 

35  b 

UT 

4;o  5 

151 

141 

143 

9 

60  9 

523 

2 3 9 

258 

181 

1 

35  5 

3 19 

60.8 

58.5 

53.42 

36.55 

74  86 

»l 

63.8 

©54 

7.0  6 

28  5 

33.3 

■ 

" 

: 1 5 

155 

J46 

155 

8 

625 

527 

241 

zss 

1 64 

6 

354 

3(5 

59.4 

5 7.7 

37.0  9 

3 5.48 

72  57 

II 

6 3.0 

©7.8 

6.8  8 

29.2 

33  3 

Ur 

•2  5 

155 

143 

153 

6 

so  7 

525 

2 35 

2 32 

163 

4 

36  / 

310 

60. 

5 8.5 

36.84 

3539 

72  Z 3 

ft 

6 2.0  1 

&l.o 

6.6  8 

300 

34  5 

- . 

U'3 

-9  5 

155 

156 

158 

7 

6 1 5 

525 

2 3 5 

240 

1 60 

2. 

355 

305 

58  4 

5 9.5 

35  29 

3 5.40 

78  6 9 

ft 

61.0 

©6.5 

<3.6  6 

30./ 

34.8 

i Total 

/ 8 / 9 

1 823 

IS  36 

99 

aooG 

6858 

3082 

3248 

2/63 

1 56 

14255 

50  0 1 

7 52.8 

74  7.3 

55  9.13 

556.1 9 

90  7.32 

260  0 

79  9 .1 

1151.5 

79  9 

36  5.  9 

415.3 

1 40 

/4o.2 

15  1.3 

6.8 

6 1 6 

52  7 

2 37 

2 50 

1 66.6 

4.3 

3 54 

301.5 

5 7.9 

56.5 

3 5 3,5 

34-4.8 

69.78 

2 00 

e 1.5 

89. 6 

6.57 

30.5” 

356 

" ~ --- 

v*  Conditions,— 

Load,-  l^r 

PrESSURE,—  I 34-.  5" 

~ft“*ESiS  Deqree  Superheat- i 52. st 

D7 


N< 

Wton 

Scales 

Lbs. 

B.H.R 

Mech. 

Effic. 

% 

Therm. 

Effic. 

% 

Lbs.  Steam 

Remarks^ — 

1 H.PHr 

B.Hj.RH* 

1 

a 50 

74.-7 

90.5" 

o 

6 

O 

2 

9 

Ft 

74-8 

74 

2 ©.7 

3 1.2 

3 

H 

75. 

8 G.O 

7.7 

2 6-J 

3 o.-4 

4 

II 

7G. 

80. 

7.9  5 

2 5.G 

32. 

5 

II 

7 5 

7 G.8 

7.3 

2 8.  1 

3 6.<S 

6 

> 

» 

74. 

7G.7 

7.3^ 

2 7.  1 

3 5,3 

7. 

s 

II 

75. 

7 7,2. 

13JS 

2 5.  1 

32.5 

8 

r 

ll 

75.5~ 

7 7.8 

%.Z  1 

2.4.4 

3/  .4 

9 

ll 

7G.a 

8 5. 

7.5  9 

2 6,^}- 

3 1.0 

10 

If 

75. 

8^,4 

7.9  3 

2 5.3 

3 1 .5 

li 

If 

75. 

77.2. 

Q.2  7 

2 4.3 

3/.  5 

12 

ll 

70.2 

7 9.5 

7.G9 

2<S.  1 

32.9 

13 

II 

74.5 

7G.2. 

7.7  9 

2 5.8 

33.3 

To 

i 

32  TO 

9 7 5.5 

/ 0 58.9 

93.17 

3 1 1.0 

3302 

A> 

2.50 

15.1 

©1.4- 

7.  76 

2 5.3 

3 2.5* 

1 

Load,—  l~*r 
Pressure,—  13*3.9 

Degrees  uperh  ea t—  i 3 n 

i- 

250 

75.5 

71,2. 

O 

O 

O 

2 

9 

ii 

75. 

?9.G 

7.G 

2 6.4 

53.6 

3 

;r 

74-5 

78. 

2 4-3 

3/.  2 

4 

if 

75. 

8 1.7 

7.8  8 

255 

3/. 2 

5 

u 

74.-7 

79.G 

8.1  2. 

24.7 

31. 

6 

if 

7 4.5 

78.5 

8.3  3 

2 47 

3 0.7 

7 

3 

ff 

7 5. 

80.5 

7.7  8 

2 58 

32. 

8 

ff 

75. 

7 9.5 

8.2  5 

2 4.3 

3o.5 

9 

> 

ft 

74.5 

8 1.2. 

8.0  8 

257 

31. 

10 

1 

ff 

74-5 

B 1. 

8.1 

2 4.8 

30.6 

II 

>_ 

Ff 

7 5. 

79.5 

8.2  / 

2 45 

30.8 

12 

5 

Ff 

7 5. 

86.7 

7,3  7 

2 7.4 

3 IS 

\Z 

5 

Ff 

74.8 

82.5 

1,1  G 

2.S.9 

31. 4- 

Tc 

7 

32  50 

972.8 

/034.5 

9 5.71 

3 0 2.3 

375,7 

A> 

r 

2 TO 

74.8 

80.  3 

7.  *3  7 

2 5.2 

3 1.3 

Loq-  &.  Data  Sheet. 


Test  No. — 9 
Date, — AAay  3,  01 
Duration, — 2.  Hrs. 


Determination  of  Water  Rates  of  60  HP  Ideal  Engine, 
Non-Condensing^,  us  iNq-  Superheated  Steam. 


Conditions, — 


2 5^ 


CONDUCTED  BV,- 

H . H Fricke 
R . H .Sloane 


PRESENTED  FOR  — 

UN  OERG-RAOUATE  THESIS 


Load  - i^- 
Pressure- 


I 3 4.  V 

□ eqree  Superheat- 152.5 


No. 

1 

Tl  ME 

Pressures 

Tetm  peratures 

Decrees  Superheat 

Steam 

Cono. 

Los. 

R.P.M. 

M . E . P. 

1 . H . R. 

Wt  on 
Scales 
Les. 

B.H.R 

Mech. 

Effic. 

Vo 

Thfrm. 

Effic. 

% 

Lbs  Steam 

Remarks^ — 

Boiler 

Super- 

heater 

Steam 

Chest 

Exhaust 

Super- 

heater 

Steam 

Chest 

Exhaust 

Surer 
h eater 

Steam 
Ch  est 

Ejhaust 

H.E. 

C.E. 

H.E. 

C.E, 

Total 

l H P Ho 

B.hj.R  Hr 

9:35 

l a 2- 

12.1 

1 04 

7 

6o  7 

501 

2 34 

2 56 

/ 6 7 

1 

o 

298 

G S 

72  5 

40  / 2 

4 2.0  8 

8 2 .2 

2 50 

74.5 

90.5" 

O 

O 

O 

2 

1 2 5 

1 Z 3 

125 

€ 

G C 

4 97 

233 

25-  7 

/ 44 

3 

38  s 

2 9 9 

75  2 

7 3.4 

44.51 

4 2,8  7 

8 7.3  8 

H 

74  8 

©5-G 

7.4 

26.7 

3 1.2 

3 

.'55 

144- 

1 4 5 

1 42 

7 

S27 

5 1 4 

2 36 

264 

/ 52 

3 

3 7 9 

5 oo 

70. 

78 

44.58 

45.7  l 

81.23 

V 

75. 

8 6.0 

7.7 

2 6-1 

3o.^h 

4 

10:05 

145 

1 4-5 

1 58 

7 

60  7 

47  O 

2 37 

2 44 

/ /o 

4 

40  5 

3 04 

8 2. 

768 

4 9-3  6 

4 56  2 

9 4.9  8 

II 

76. 

8 0. 

7 .95 

2 6.6 

32. 

5 

: 1 5 

1 4- -5 

1 44- 

1 3 8' 

IO 

6 / 7 

453 

2 45 

2 54 

93 

5 

4 60 

3 00 

82.8 

8 2.6 

49.(8 

4 8.4 

9 75  8 

ll 

7 5 

7 6.8 

7.3 

28.  1 

3 s,<s 

6 

:25 

/4C 

1 45 

1 3 5 

9 

6/7 

51 

2 40 

254 

/ 57 

2 

435 

2 96 

85.8 

80  8 

49.69 

4G.7 

96.39 

» 

74 

76  7 

1.3  & 

27  1 

35,3 

7 

:35 

# -t  1 

1 40 

IS8 

9 

<s  / / 

530 

24  O 

2 50 

1 70 

2 

^■06 

300 

82.6 

8 2 2 

49  06 

4 8.17 

97.23 

II 

7 5 

7 7.2 

7.9.6 

2 5.  1 

32.5 

8 

:4-5 

14 •/ 

1 42 

/ 77 

9 

6/7 

5 32 

2 40 

2 49 

/ 73 

2 

3 9 5 

302 

83.0 

8 0.4- 

49.6  3 

4 7.54 

97.07 

II 

7 5.5* 

7 7.8 

$.2  1 

2 4.4 

3/  .4 

9 

■ 55 

141 

1 41 

i 40 

9 

627 

523 

2 3 8 

26  5 

/ 62 

O 

39  5 

305 

76.0 

72. 

46.9  0 

4284 

89.74 

ll 

7G2 

■3  5. 

7.5  9 

26.4 

3 1.0 

10 

II;  05 

/4J 

/ 42 

/ 3*7 

609 

52  7 

2 40 

247 

/G8 

I 

39  3 

300 

16  0 

8 2.2 

45. 1 4 

4 8.  / 7 

93.31 

1/ 

75. 

80,4 

7.9  3 

2 5.3 

31.5 

" 

: / 5 

14/ 

1 40 

/ 58. 

9te: 

537 

52  2. 

2 40 

2 36 

/ 6 2 

/ 

3 9 3 

300 

84  a 

76.0 

5 2.74 

*4  4.54 

9 7-2  8 

II 

75. 

7 7 2- 

8.27 

2 4.3 

31.5 

12 

:25 

/4/ 

1 41 

137 

IO 

6-/Z 

52  1 

2 4 1 

2 56 

/ 6 2. 

l 

4 (5 

238 

84  8 

7 8.5 

50.0  3 

45.69 

9 5.72 

ll 

76.2 

7 9.5 

7.G  9 

2 6 1 

32..S 

13 

.3  5 

/4I 

1 40 

137 

IO 

G27 

52  1 

241 

2G  1 

/ 62 

1 

420 

3oo 

844 

78.0 

50. 13 

4 5.7  l 

97.84 

II 

74.5 

76.2. 

7.7  9 

2 5.8 

33.9 

Iota  i_  , 

/ 8/3 

(809 

1146 

II  Z- 

7979 

6C3  1 

3105 

32  9 3 

1382 

2 S 

4 s 7 4 

3 90  2 

/O  34.4- 

1013.2 

6 1807 

59  3.94 

12  12.01 

32  50 

9 7 5.5 

/ 0 58.9 

9 3.1  7 

3 1 /.O 

3902. 

A verac^e, 

139.5 

139 

134.5 

8.6 

6 12 

5 IO 

£39 

253' 

152.5 

2 

4 06 

3oo 

79,6 

1 8 

47.5 

45.6 

9 33 

2.50 

75./ 

SI. 4- 

7.  76 

2 5.9 

32.5 

Test  No.  — io  Load,—  1^- 

Date,—  /y)ay3,  07  Pressure,—  13  9.9 

Duration,—  2.  Hrs.  DegreeS uperh eat;-  1 5 7 

1 11:35 

14  f 

/ 40 

1 37 

IO 

6 / 2 

5IG 

24  3 

251 

151 

3 

O 

3oo 

84  .4 

7 8 

50.13 

4 5,7  1 

9 7.8  4 

250 

7 5.5 

7 7.2 

O 

O 

O 

2 

45 

1 5 / 

140 

131 

lo 

62  2 

5/6 

2 4 2. 

26  1 

1 57 

2 

4 2 0 

3o2 

So 

80.6 

4 7-84 

47  55 

9 5.3  9 

If 

75 

l8.G 

7.6 

2 6.4 

3 3.6 

3 

55 

1 4Z 

/ 42 

1 4 e> 

9 

6 1 5 

511 

24  2. 

26  3 

1 56 

4 

3 87 

300 

84 

78. 

4 9.9 

45.7  f- 

9 5.6  1 

If 

74-5 

78 

S.2  3 

247 

31.  Z 

4 

1 2 o 5 

/ 4 1 

/ 4 / 

133 

92 

6 2 3 

516 

24  1 

26  2 

/ 66 

2 

3 90 

298 

80  4 

76.2 

4 7.4  4 

4 5.7  1 

9/  .79 

IT 

75. 

8 1 7 

7.8  8 

2 5.5 

31. Z 

5 

: l 5 

144 

1 44 

1 A-  O 

IO 

6 1 1 

524 

242 

248 

I G 3 

2 

38  5 

298 

80 

79.8 

47.2 

44.3  5 

9 3.6  4 

'f 

74.5 

79.6 

8.1  2 

24.7 

31. 

6 

:25 

15-3 

144 

1 2 

IO 

6 1 7 

525 

24  2 

245 

163 

2 

3 So 

2 9 8 

82 

80 

4 8.38 

46  44 

9494 

Tf 

74.5 

78.5 

8,3  9 

2 4./ 

30.1 

7 

.35 

15-2 

142 

1 40 

0 

6 2 / 

527 

2 4-0 

2 69 

1 66 

2 

400 

3 OO 

78 

79.8 

46.33 

46.56 

93.09 

« 

7 5. 

80.5 

7.7  8 

2 5.8 

32. 

8 

.4  5 

1 43 

142 

143 

8 

GOT 

524 

ZS8 

245 

IG  2 

3 

3 82 

300 

50 

80. 

47  52 

4676 1 

9 4.4 

ff 

7 5. 

7 9.5 

8.2  5 

2 4.3 

30.5 

9 

55 

143 

1 44 

/ 40 

9 

607 

5 1 s 

64-0 

244 

157 

2 

3 85 

298 

6 1 

7 5.5 

47.79 

46.8  8 

3 (.73 

ff 

74.5 

8 1.2. 

8.0  8 
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